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A MODALITY-SPECIFIC NEUROMAGNETIC P3

J.D. Lewine, S.B.W. Roeder, M.T. Oakley, D.L. Arthur, C.J. Aine, J.S. George
and E.R. Flynn

Neuromagnetism L aboratory, Mail Stop M715, Los Alamos National Laboratory,
Los Alamos, New Mexico, 87545

INTRODUCTION:

Several studies indicate that in cases of psychopathology and alcoholism the amplilude
and/or latency of endogenous. scalp-recorded P3 polennals elicited by rare events are
abnormal (e.g.. Roth et al., 1980; Polich, 1984). The P3 complex may normally be a
valuable index of the brain's work-load (see Donchin and Coles, 1988 for a dataied
discussion of the psychological correlates of P3) and idenuitication of the neural
generator(s) of this late positive component would thus provide va'uable insight into the
substrates of both normal and abnormal information processes.

Okada and his colleaques have recorded magnetic field correlales of P3 potentials
evoked by visual and auditory stimul (Okada, 1983) Data from a mapping study of a
visuaily evoked magretic P3 were consistent with a hhppocampal source. but altempts to
localize the generator(s) of the auditory magnetic P3 were unsuccessiul  In an effort 1o
independently confim, extend. and clanfy these results. the surface topographies of
magnetic P3-hke complexes evoked during the performance of audilory and visual
detechion 1asks weie examined

METHODS:
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the above escepl the target way i contrgliy foagtedd & oy v togee s Yo sy et
whulee the non target stimulus was a0 4 Cycie degre e vt al granhing Fai b gl !



participated in 1-2 dewar placements ner 1-2 hr test session.

By comparing physiological aclivity evoked by presentation of counted, targel
- -stimuli in the lwo probability conditions within-each modality, il- was possible to-
identify those components of the P3 comple: specifically associated with the probability
manipulation, uncomplicated by a comparisun across physically different stimuhl (e.qg.,
1000 versus 3000 Hz tones) or task conditions {counted versus nol counted).

RESULTS:

Each of nine subjecls demonstrated a clear probabiltty dependent mampulation of the
amplitude of the evoked electrical and magnet:c P3 components. However, lor four
additional subjects for which only left hemisphere data were ot:ained. a4 neuromagnelic
P3 could not be identified. In three of these instances the electrical P3 complex was
absent, of low amplitude. or of unstable amplitude across lest sessions, bul, in the
fourth instance, a magnetic P3 was absent despile the e¢xistence ot robust and stable
electrical P3 responses.

When present, the auditory magnetic and eler:tuical P3 components had peak latencies
between 280-330 msec. In the visual modality the P3 complex had a peak latency
belween 380-450 msec. Figure 1 provides examples ol one subjecl's averaged
electrical potential and magnelic tield waveforms as evoked by tarqget auditcry and visual
stimuli. Note that at the P3 latency, as identified in the ciecincal difference wave (20%
probabilily - 80% probabiliiy), a polarity reversal ot the evoked lields occurred
between the presented MEG sites. Figure 2 provides exampie 150 held contour maps
based upon difference-waves. The presented maps are tor the “time shces”
corresponding 1o the peak of tha! subiect's electrical P3 Although 1so-held patterns
were highly individualized, fieid extrema were invanably separated by 10-24 cm (arc
length). Also, auditory and visual patlerns for the same subject were always different

 YYHEIRTYLY! VIrAl
204 /N4 aiff 20% L diff
— . - 1.
,'A . A ol /\ﬁ i [ A
) L ’.AA/\ fﬂ - W' ? rﬂ S o -
v ] v \f
i .
K L)
! j
;

FAGURE YV Siagbpecl 81 0, averaQoed ogabesd ter onte wopvaet e Lo itoty
vl targets, SO MO o gt lerenc e o woavehooe L & R FEE R AL IV
thee B2 el tru gl potentigl and for gotenee geed postee o 20y Ty MY e e
et the cgbyecte et hetme.phere eattern,) L B R L S T Y RN TS B R

pror oty wheie Pedefy eeniteening the haeged gee teg gt



Sa® aucitery FY - JO% msec Se° Jsue! PSS - 450 mscc

B, =_. 'ty v} - D gl
[T - “
.‘ v (N \J'\\-\\ N—‘
— —~ ] [ ] | /

.- - ——N
SRR i
e U 2 T
‘V&hq
e -—‘ .= "ql;: F -\E\:\.
. . .&\: *‘:'..‘.A _- . ‘.\\..:
S N S

DR o ”
o WO VT T

- - el
FISUJRE 2 Iso tield conloyr maps for two subjects. The maps are o
T o rotace proectiong with the ske!th gl the rgnt providnn ..
the teialive posihions of common landmarks  Sohd hines hnk hicig *;0 or. e
(rema beheved 1o reflect the same generator -
DISCUSSION o -

A hey obtoervation in this study was the high deqgree of interemisphenc and between
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- responsible for generation of the P3 complex identified here. This hippocampal

interpretation is consistent with the magnetic field data of Okada and colleagues and also
consistent with invasive intracranial data, obtained by both UCLA and Yale research
groups (Halgren et al., 1986; McCarthy et al., 1989), which indicate iimbic generation
ol large amplitude (100-200 uV) P3-like field potentals.

Cn the cther hand, a hippocampal interpretation of the current datr muct be vicswed
with caution. We currently lack individual magnetic resonance images of the brains of
our subjects so the attempt to map our functional c¢ata within a specific neuroanatomical
framework is somewhat premature. Secondly, the Yale group (McCarthy et al., 1989)
has failed to demonstrate any modality specificily in the spatial gradient of P3-like,
intracranially recorded limbic field polentials, a result that is inconsistent with the
current magnetic data. Thirdly, and of equal import, the large separatior of held
extrema could reflect exlended and/or multiple shallow sources rather than deep
sources.

A final nole of caution concerns the generalizadility of these results. The magnetic P3
component described here has been characterized on the ba.is of a very Imited
functionai manipu:ation (stimulus probability). Given the current data base, any
suggestion that the generators of this P3 component will be identical to the generators of
P3 complexes identified via other experimental piclocols and manipulations is
completely unwarranted. Also, the description of the generalors of the observed
magnetic P3 is likely 1o provide only limited insight into the nature of the generators of
the electrical P3. In one case a neuromagnetic P3 complex could not be identilied even
though concurrenlly measured poiential data indicaled the existence o! a robust and
stable electrical P3 complex. This suggests thal the elecirical response rellects
generators beyond those coniributing to the magnetc response and-or that the
generators of the elecirical response can be unfavorably oriented for identification via
the employed magnetoencephalographic techmques. Nevertheless, 1he data sugges! that
magnetoencephalography can serve as a non-invasive tool tor the analysis of the
lunctional organizanon of medial tempora! brain structures.
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